The spindle bursts in the neocortical EEG have been the focus of atten tion of many investigators, and many attempts were made to induce spindle bursts by the brain stem or peripheral nerve stimulation (DEMPSEY and MORISON 1942; HESS, KOELLA and AKERT 1953; SHIMAMOTO and VERZEANO 1954; AKIMOTO et al. 1956; MAGNES, MORUZZI and POMPEIANO 1961; FAVALE et al. 1961; POMPEIANO and SWETT 1962). However, these investigators reported that the spindle-inducing effect was unstable even with the same stimulation.
The spindle bursts in the neocortical EEG have been the focus of atten tion of many investigators, and many attempts were made to induce spindle bursts by the brain stem or peripheral nerve stimulation (DEMPSEY and MORISON 1942; HESS, KOELLA and AKERT 1953; SHIMAMOTO and VERZEANO 1954; AKIMOTO et al. 1956; MAGNES, MORUZZI and POMPEIANO 1961; FAVALE et al. 1961; POMPEIANO and SWETT 1962) . However, these investigators reported that the spindle-inducing effect was unstable even with the same stimulation.
Similar unstable results were seen by us in the preliminary experiment on the midpontine pretrigeminal transected preparation, in which afferent nervous inflows were kept stable and the neocortical EEG showed the sustained arousal pattern (BATINI et al. 1958) .
On the other hand, it has been reported by several authors that humoral factors exert a great influence on the EEG (BONVALLET, DELL and HIEBEL 1954; KAWAKAMI and SAWYER 1959a, b; KAWAMURA and OSHIMA 1962) .
In the midpontine pretrigeminal transected cat, the hippocampal EEG showed fluctuation in both amplitude and frequency of slow and fast component waves, in contrast to the sustained arousal pattern of the neocortical EEG.
Therefore, it may be assumed that the spindle-inducing effect of the brain stern stimulation might depend largely on the internal milieu of the brain (humoral factors or blood supply to the brain or both of them) and that the fluctuation of the internal milieu could be detected more easily by the hippocampal EEG than by the neocortical. Based upon this assumption, we attempted to induce spindle bursts by changing the internal milieu, instead of stimulating the brain stem, and to correlate change of the hippocampal EEG pattern with the spindle appearance. 
RESULTS
1. Spontaneous activity. As already described by MORUZZI and co-workers (BATINI et al. 1958 BATINI et al. 1959a , b, c CORDEAU and MANCIA 1959 , in the midpontine pretrigeminal transected preparation, the EEG of the motor cortex showed the sustained arousal pattern, and the hippocampus produced relatively regular slow waves (3-5 cps) of waxing and waning nature, superimposed by the fast activity (I and F components) as shown in FIG. 1. In our earlier experiments, it was observed that the I and F components always 
Effect of vagal stimulation.
Attempts were made to induce the spindle bursts by high frequency stimulation of the structures caudal to the transected ; plane. In this experiment, special attention was paid to the possible cause of blood pressure change for spindle inducement.
High frequency stimulation of the ponto-bulbar region (pontine and bulbar reticulat formation, medial longitudinal fasciculus, vestibular nucleus, nucleus of tractus solitarius and nucleus ambiguus) as well as sciatic stimulation produced no spindle bursts, even though there was a remarkable blood pressure rise or fall as much as 80 mmHg.
However, when the central cut end of the left vagus was stimulated, spindle bursts were induced associated with blood pressure change-fall of blood pressure in most cases. In case of blood pressure fall by high or low frequency stimulation for 5-10 sec, the first spindle bursts appeared with the time lag of 10-30 sec. Blood pressure fall had started always several seconds before appearance of the first spindle burst.
If the stimulus was intensified, the first spindle burst appeared earlier and the spindling phase lengthened. the first spindle burst also appeared 10 or more seconds after the beginning of blood pressure rise. During the spindling phase the amplitude of the hippocampal I component was always enhanced, while the S component did not show any consistent change in its frequency as well as its amplitude, as seen in FIGS. 2 and 3.
Spindle bursts could still be induced after bilateral section of the cervical sympathetic trunks. However, the contralateral vagotomy abolished the above mentioned effect of spindle inducement.
When the peripheral end of the left vagus was stimulated, no effect was observed for spindle inducement, even when blood pressure fell far below than the case of central stimulation (FIG. 4) , suggesting that the spindle inducing effect of stimulation of the central cut end of the vagus was not due to blood pressure fall.
3. Effect of clamping abdominal aorta and common carotid.
In order to see the effect of transient blood pressure change for spindle inducement, the abdominal aorta was clamped.
As shown in FIG. 5, after release of the clamping, blood pressure fell far below the control level, and thereafter gradually recovered.
During its recovering phase two or three spindle bursts appeared, coinciding with diminution of the hippocampal S component.
Similarly, the left common carotid was clamped for several seconds in the midpontine pretrigeminal transected preparation, the right common carotid being ligated in advance for recording blood pressure.
As seen from FIG. 6 , following the clamping, both hippocampal slow and fast components gradually diminished in their amplitude, and in the motor cortex, two or three spindle bursts began to appear 3-5 sec after the clamping.
Effect of pentobarbital.
In order to get further information about the relationship between spindle bursts and hippocampal EEG, pentobarbital (2 mg/ Kg) was injected intravenously.
Even though blood pressure fall was hardly observed, there occurred, as shown in FIG. 7 , diminution of the hippocampal slow (5) component and enhancement of the fast (I and F) component, together with appearance of spindle bursts in the motor cortex.
5. Spontaneous spindle bursts and hippocampal EEG. The above mentioned relationship between spindle bursts and the hippocampal EEG was also observed on the spontaneous EEG of the rostropontine transected preparation, in which the transection had been made somewhat rostral to the midpontine level. The neocortical EEG fluctuated between the spindle phase (FIG. 8A) and the arousal phase (FIG. 8B) 6. Effect of mesencephalic reticular stimulation. In order to examine whether the coincidence of spindle bursts and the hippocampal I component may exist when spindle bursts are induced by brain stem stimulation, low frequency pulses were delivered to the mesencephalic reticular formation rostral to the level of transection.
Usual response to this stimulation was the arousal reaction without spindle bursts, and the enhancement of both the hippocampal S and I components was observed (FIG. 10) 
DISCUSSION
Using the midpontine pretrigeminal transected preparation it was shown that spindle bursts could be induced by (1) bursts by similar drastic fall of the cerebral blood flow (CHUNGCHAROEN et al. 1952) .
As for the effect of vagal stimulation, there is no doubt that in some cases the decrease of cerebral blood flow due to blood pressure fall might induce spindle bursts, but the appearance of spindle bursts was not consistently related to changes in systemic blood pressure: compare FIG. 2 where spindle bursts appeared following blood pressure fall with FIG. 3 where they appeared following blood pressure rise. In case of stimulation of the peripheral end of the vagus, spindle bursts were not induced even when the fall of systemic blood pressure was far greater than the fall in the central end stimulation (see FIGS. 2 and 4). Moreover, there was a distinct difference in the time course of the spindle appearance between that resulting from vagal stimulation and that resulting from clamping of the abdominal aorta or the common carotid.
After clamping of the abdominal aorta, usually only two or three spindle bursts appeared, while after vagal stimulation the train of spindle bursts was usually quite prolonged.
From these facts, the participation of humoral factors was suggested other than the change of blood flow to the brain in the production of spindle bursts by vagal stimulation.
Regarding the possibility that efferent pathways may have some significant effect in spindle inducement by stimulation of the central cut end of the vagus, it appears that two efferent routes may be considered: the contralateral vagal efferents and the descending spinal route. As spindle bursts did not appear after bilateral vagotomy, the spinal route may not be responsible at least of primary importance.
It is well known that insulin is released by stimulation of the peripheral cut end of the vagus.
However, spindle bursts were not induced by peripheral end stimulation, nor did intravenous injection of large quantities of insulin cause spindle bursts, even after bilateral adrenalectomy.
Therefore, it seems likely that neither spinal nor vagal efferent pathway is effective by itself to mediate the production of spindle bursts. Then lastly attention should be paid to the role of vagal afferents, which were shut off by the vagotomy: it would be possible that vagal afferents are important in maintaining a level of neuronal activity within the medulla oblongata which is necessary for production of spindle bursts.
Stimulation of the cranial end of the cervical sympathetic trunk has been reported to decrease the blood flow of the brain (FORBES and WOLFF 1928; SCHMIDT 1934 SCHMIDT , 1935 . But this is probably not the mechanism for production of spindle bursts, since they were still observed after bilateral section of the cervical sympathetic trunk. As for the neocortical spindle bursts and the hippocampal EEG, Tom-ZANE, KAWAKAMI and GELLHORN (1959) reported that the neocortical EEG arousal and the hippocampal slow wave were accompanied by the reduction of the hippocampal fast component. It is well known that pentobarbital induces the neocortical spindle bursts and suppresses the hippocampal slow wave.
In this instance we observed the concomitant increase of the hippocampal fast component, as shown in FIG. 7 .
The neocortical EEG of the rostropontine transected preparation fluctuates between the arousal phase and the spindle phase. During the spindle phase, the hippocampal slow component is tonically more reduced than during the arousal phase. But the hippocampal fast component shows the phasi and burst-like enhancement concomitant with spindle bursts.
When spindle bursts were induced by the vagal stimulation or by hyper-ventilation, spindle bursts were accompanied by the phasic increase of the hippocampal fast component, sometimes in no relation to its slow component. As mentioned above, the humoral factor is supposed to play the primary role in these instances, as one of possibility.
When spindle bursts appear after the clamping of the aorta or the common carotid, presumably the primary role may be played by the drastic decrease of the cerebral blood flow. In these instances, both the slow and fast component of the hippocampal EEG markedly diminished ; especially the slow component reduced to the nearly zero level.
Lastly, in case of reticular stimulation, spindle bursts were induced when only the hippocampal fast component was enhanced, and they were not induced when both the fast and slow component were increased.
These observations might lead to the following assumption:(1) the magnitude of the hippocampal slow component, as indicated by its integrated value, represents the tonic activity of the spindle blocking mechanism, (2 the magnitude of the hippocampal fast component represents the phasic activity of the spindle inducing mechanism,(3) the spindle appearance is controlled by the balance of those two kinds of activity; the increase of the hippocampal fast component and/or the reduction of the hippocampal slow component correspond to the spindle inducing state of the brain. This effect was observed after bilateral cervical sympathetic trunk section, but disappeared after contralateral vagotomy.
Stimulation of the peripheral cut end of the vagus caused a marked fall in blood pressure, but neither spindle bursts nor enhancement of the hippocampal fast component. 4. Transient clamping of the abdominal aorta induced few spindle bursts during the recovery phase of blood pressure.
Clamping of the common carotid induced spindle bursts also. In both cases the hippocampal slow component diminished and no enhancement of the fast component was observed. 5. Small doses of pentobarbital induced many spindle bursts accompanied by enhancement of the hippocampal fast component, and abolition of the hippo-campal slow component. 6. During hyperventilation the transient enhancement of the hippocampa: fast component were observed concomitantly with the spindle appearance, but the slow component showed no consistent change (either enhanced or remained the same level). 7. Low frequency stimulation of the mesencephalic reticular formation induced spindle bursts if the hippocampal fast component was enhanced alone, but no spindle bursts were induced if both the slow and fast components were enhanced. 8. These observations suggest a humoral factor for spindle inducement, and also indicate a close relationship between the spindle-inducing mechanism and production of the hippocampal fast component.
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